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ABSTRACT KEYWORDS
The vapour pressure of deltamethrin technical was conducted using the Ddtamethrin;
gas saturation method based on the regulatory OPPT S830.7950 and EEC Gas saturation method;
A.4 guidelines. According to this method the packed vapour saturator HPLC;

columns were connected to vapour pressure apparatus and the columns
were exposed to different flow rates. The flow rateswere 20 (F1), 40(F2)
and 60 mL/min (F3). This set up wasequilibrated at 30°C over night. After
equilibration the nitrogen gas outlet from the column was connected to
the trapping system. Nitrogen gas was continuously passed through
each saturator column for 7 days. The maintained flow rate and tempera-
tures were monitored during the study period. At the end of 7 days, the
trapping material was collected from the trapping tube by eluting the
glass columnsusing 100 mL of acetone. The collected elute was concen-
trated using rotary vacuum evaporator to near dryness, and diluted to 10
mL by using acetonitrile. The samples were analysed using validated
HPLC. Thevapour pressure of deltamethrin technical, was determined to
be 1.63x10° Paat 20°C and 2.05x10® Paat 30°C and the henry’s law con-
stant of the test item, deltamethrin technical, was determined to be
2.967x10° at 20°C and 2.517x10%at 30°C.
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Vapour pressure;
Henry’s constant.

INTRODUCTION natural toxins, their VP decidestheir circul ation between
the environment and the soil. The vapor pressure of

Thevapor pressureof solid & liquid compounds harmful chemicalscan be utilized to assesstherate of

can be hel pful to decidethethermodynamics stability
and time span of usability of an assortment of items,
particul arly those from the pharmaceutica businesg*?.
The precise capability of vapor pressure can bevital
for the sheltered utilizeand trestment of strong mixes*
. Vapor pressure (V P) isanimperative component for
theinvestigation of the natural destiny, transport and
appropriation of themixesinwater, air and soil'®. For

evgporation after aspill®*. Vgpor pressureinformation
isadditionally utilized as a part of the estimation of
viscosity, enthal py of vaporization, air-water ssgment
coefficient, and someother critical Physico-Chemica
propertiesof themixes.

Ddtamethrin itemsareamong themost preva ent
and broadly utilized bug spraysasapart of theworld
and haveturned out to be extremely prominent with
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vermin control administratorsand peopleinthe United
States. Thismateria isanindividua from oneof the
most secure classes of pesticides: Synthetic
Pyrethroids™. Thispesticideisexceptiondly poisonous
to aquatic lifestyles, specifically fish, and therefore
should be used with excessive caution around water.
Although generally taken into consideration secureto
usearound human beings, it’s far nonetheless neurotoxic
to humans. deltamethrinisableto passfrom alady’s
poresand skinviaher blood and into her breast milk.
therearenumeroususesfor deltamethrin, ranging from
agricultura usesto domestic pest manage. deltamethrin
hasbeeninstrumenta in stopping the pread of diseases
carriedwiththeaid of tick-infested prairiedogs, rodents
and other borrowinganimalss. it’s miles beneficial in getting
rid of and stopping ahuge variety of household pests,
in particular spiders, fleas, ticks, chippieants, carpenter
bees, cockroachesand bed insects.

EXPERIMENTAL

M aterialsand methods

Theandytica sandard of deltamethrin (99.6%) and
the sampleof deltamethrin (98.9%) wereobtained from
Sigma Aldrich. The HPLC grade solvents i.e.,
acetonitrile, water and acetone from Rankem, New
Delhi. Theanalytical reagent grade of sulphuric acid
purchased from Merck IndiaPvt Ltd and Reagent water
used inthisstudy wasdeminerdized and purified using
aMuilliporeMilli-Q Purification Weater System. Seasand
sourced from Visakhapatnam, India, seasand wasused
assolid support for thetest item within the saturator
columns. The seasand wassieved to get uniform size
particles. The sand was washed prior to use with
sulphuric acid, Milli-Q® water followed by acetone
and dried at gpproximately 120°C. Nitrogen gas (Purity
99.999%) supplied by BOC IndiaLtd., Mumba, India,
wasused ascarrier gasinthisstudy.

Silicagd of mesh sze60to 120 supplied by Merck
limited, Mumbai, Indiawas used asatrapping agent to
collect Permethrintechnicd vapour. A digita temperature
controlled vapour pressure apparatus, supplied by
LabindialnstrumentsPrivateLimited, Chennal, India,
was used inthis study. The carrier gasflow ratewas
measured usng manud flow meter suppliedby Shimadzu
Corporation, Japan. Stainless steel columnsof 60 cm
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x 15 mm dimensionsfitted with adaptersat both ends
wereusedinthisstudy. Thetrgppingmaterid (10-11 g
of dlicagd) waspackedinflexible polypropylenetubes
having both ends plugged with cotton swabs. Theoutlet
of the stainless steel saturator column was connected
to the polypropylene tubesfilled with silicagel. To
measure the gas flow, a manual flow meter was
connected at the trap end. Buchi rotavapour
temperature controlled vacuum rotary evaporator - M/
S. Buchi Labortecnik, AG Switzerlandwasusedinthis
study. A hot air oven supplied by Scientific Systems,
Chenna, Indiawasused in thisstudy.

Chromatogr aphic separ ation parameters

The HPLC-UV framework utilized, comprised
shimadzu high performanceliquid chromatography with
LC-20AT pump and SPD-20A interfaced with LC
solution software, furnished with areversed phase C18
andyticd columnof 250 mmx 4.6 mmand particlesize
5 um (PhenomenexLuna-C18) Column temperature
waskept up at 30°C. The injected sample volume was
10uL. Mobile Phases A and B was Acetonitrile and
HPLC Water (90: 10 (v/v)). Theflow- rate used was
kept at 1.0 mL/min. A detector wavelength was 225
nm. Theretention timeof deltamethrin about 4.2 min.

Method validation

Themethod for the determination of deltamethrin
technical wasvalidated in termsof method specificity,
linearity, assay accuracy and precision.

Specificity

Thespedificity of themethod waschecked by HPLC

andysiswithdiquotsof distilled water, acetonitrileand

respective standard and test item of deltamethrin
technicd.
Linearity

Stock solution preparation 0.00531 g [5.31mg] of
Deltamethrin PESTANAL® (99.6%) was weighed
accurately into aclean and dry 20mL volumetric flask
and dissolved with acetonitrile (HPLC grade) and made
upto themark with same. A linear curvewasplotted for
the concentration of standard versus observed peak
areaand the correl ation coefficient was determined.
Lower concentrations were prepared by making
gppropriatedilutionsas mentioned in thebelow table.
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Concentration Dilution details

Concentration

solutioc;]: taken Volume VOI:drze of diIL_Jted
for dilution taken up to solution
(ng/ml) (mL) (mL) (ng/ml)
264 3.788 10 100
100 5.000 10 50
50 2.000 10 10
10 1.000 10 1
1 1.000 10 0.1
0.1 1.000 10 0.01

Recovery fromtrappingagent (silicagel)

Therecovery test wasperformedinorder tovdidate
theandyticd methodfor Deltamethrin Technica andysis
Approximately 10 g of silicagel wasweighed and this
wasfortified with Deltamethrin Standard Concentrate
a0.01pug/ml(T1),0.10 pg/ml (T2) concentration levels.
Each concentration wasfortified for 5timesand they
werecodedasS1 (SIR1...SIR5), S2 (S2R1...S2R5).
Thereplicatesweretransferred to glasschromatographic
column and extracted with 100 mL acetone. Theextract
from each column was concentrated to near dryness
and made upto 10 mL with acetonitrile. Two control
samples were maintained (SOR1 and SOR2) using
unfortified Silicagd.

Preliminary test
Preparation of finesand asan inert support

Sand wassievedwith 0.2 mm sieveto get finesand
with uniform particles. Then the sand waswashed with
concentrated sulfuric acid for 24 hrs followed by
washing with distilled water and acetoneand dried at
105°C for an hour. After drying, the sand was allowed
to attain room temperature and then used for analysis.

Preparation of thesaturator columns

Accurately 6.0 g of Deltamethrin Technical was
weighed into a100 ml beaker, and dissolved with 50
ml of Acetone, and thoroughly mixed with 360 g of fine
sand. Thetreated sand wasthoroughly mixed and air
dried for half an hour to evaporate acetone. The
saturator columns were prepared by weighing and
packing 60 g of treated fine sand into each of three
stainless steel columns. The columnswerecoded C1,
C2 and C3. Theremaining test item coated sand was
packed inthree separate Glass contai nerswith 60g of
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sand and kept intheoven at 30°C for stability anadysis
after preiminary test.

Flow rateselection

The packed vapour saturator columns were
connected to vapour pressure apparatus and the
columnswereexposed to different flow rates. Theflow
rateswere 20 (F1), 40(F2) and 60 mL/min (F3). This
set up was equilibrated at 30°C over night. After
equilibration the nitrogen gas outl et from the column
was connected to the trapping system. Nitrogen gas
was continuoudy passed through each saturator column
for 7 days. Themaintained flow rate and temperatures
were monitored during the study period. At theend of
7 days, the trapping material was collected from the
trapping tube by eluting the glass columnsusing 100
mL of acetone. The collected elutewas concentrated
using rotary vacuum evaporator to near dryness, and
diluted to 10 mL by usngacetonitrile. Thesampleswere
andysedusing

Sability confirmation

The 60 g coated sand from Day 0 and from glass
containers after 7 days of incubation in oven was
extracted in duplicate and el uted with 100 mL acetone
in glass columns. The elute was collected in 100 ml
volumetric flask and made upto the mark with
acetonitrile. Fromthat solution 0.1 mL was pipette out
and transferred intoa20 mL volumetricflask and made
uptothemark using acetonitrile. Thesampleswerethen
analysedusng HPLC.

Definitive test

Accurately 6.03 g of Deltamethrin Technica was
weighedinto 100 ml beaker, and it was dissolved with
50 ml of acetone, and thoroughly mixed with 360g of
fine sand in aglass bowl The treated fine sand was
thoroughly mixed and air dried to evaporate acetone.
Thestainlesssted saturated columnswerethenfilled
with deltamethrin Technica coated sand. The columns
were coded as TelR1, TelR2, TelR3 were set to
equilibrateat 30°C. Te2R1, Te2R2, Te2R3 were set
to equilibrate at 20°C. The system was allowed to
equilibrateovernight. After equilibrationthecolumninlets
were connected to nitrogen flow of 40 mL/min. The
second end of the saturator column was connected to
thetrapping tube.

Hn Tndéan g%wumé
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The experiment was continued for 7 days. The
column chamber temperature and flow rate was
monitored twice per day. Theremaining treated fine
sand was stored in glass container and kept in oven of
vapour pressureat 20°C for stability analyssduring the
definitivetest.

After 7 days, thetrapping material (silicagel) was
collected fromthetrapping tube. Thetrapping materia
wastransferred to glass columnsand thetest itemwas
eluted using 100 mL of acetone. The collected elute
was concentrated using rotary vacuum evaporator to
near dryness, and diluted to 5 mL using acetonitrileand
directly injected by HPLC.

Calculations

Recovery

Sample Area - Intercept x Dilution factor
Recovered Concentration =

Slope

Mass of Test Item Recovered concentration * Extract volume

Collected in g =

10
Vapour pressure

Thevapour pressureof thetestitemwascalculated
using thefollowing equation:

p=W/V xRT/M

Where:

p =Vapour pressure(Pa)

W =Massof thetest item collected ()

V = Volume of gas (m® [flow-rate (m3/min) x
exposuretime (min)]

R =Universa molar gasconstant 8.314 (Jmol* K1)

T =Temperature(K)

M =Molar massof thetest substance (505.2 g/mole)

Henry’s constant

At aconstant temperature, theamount of agiven
gasthat dissolvesinagiventypeand volumeof liquidis
directly proportional tothe partia pressureof that gas
inequilibriumwiththat liquid.”

Formula=Henry’s constant=C,__/C_=SxT x82.08x
760/Px GMW x 10°¢

Where:

C,ae =Conc.of Detamethrininwater (inmicrograny
m)

C. =Conc. of Deltamethrininair (in microgram/

ar
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m)

S =Solubility of Deltamethrin (in microgram/ml)
T =Absolutetemp (inKelvin=°C +273.15)
82.08 =Gasconstant, R, [(ml x am) /(K x mol)]
760 =mm/am

P =Vapour pressure(inTorr) of Deltamethrin
GMW =gram molecular weight of Deltamethrin (ing/

mol) (505.2 g¢/moal)

To convert vapour pressure Pato Torr (1 Pa=1/
1.333x 10%Torr).

RESULTSAND DISCUSSION

Method validation
Linearity of response

A plot of the found peak area of Deltamethrin
PESTANAL® standard and the concentration of
Deltamethrin PESTANAL® standard in the samples
showed acceptable linearity, as indicated by the
correl ation coefficient of 0.9999. Thedataare presented
in TABLE 1. A representative calibration curve is

TABLE 1: Linearity of ddtamethrin Sandard

Concentration Observed Area
(ng/mL) (mAu)
0.01 362
0.1 3359
1 35486
10 323923
50 1501874
100 3097384
Correlation Coefficient 0.9999
Slope 30799
I ntercept 63.60
3500000 -
660000 - y=30799x + 63.59
R?=0.9999
2500000
TL,' 2000000 -
= 1500000 -
s 1000000 - —¢=—Deltamethrin
<
500000 -
; - ; ; :
-50 -500000 ﬁ 50 100 150

Concentration in pg/mL
Figurel: Calibration curveof deltamethrin
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mAU ¢ oo PresentedinFigurel.
Specificity

No significant interference was observed from
acetonitrileused intheextraction of silicagdl.

Recovery from trapping agent (silicagd)

00- Recovery studiesconducted with thetrapping agent

at two concentrations 0.01 ppm and 0.10 ppm showed

v . 0 i _an acceptable recovery of 99.36 and 99.12%,
o respectively. The percentagereative standard deviation

Figure?2: Representative chromatogram of silica-gel con-

trol (RSD) was0.44 and 0.12 for the 0.01 pg/ml and 0.10

mAU 5 3
. ' PDA Multi 1]
|
|

4,186 | Daltamethrin

1= . — . . ; — — . S— = - e
T v
0.0 2.5 5.0 7.5

1 PDA Multi 1/225nm 4nm .

Figure 3: Representative chromatogram of deltamethrin pur e from thetrapping system recovery experiment (0.01 mg/l)
mAU

100 _
PDA Mult |

175 / Deltamethrin

4

0.0-

0.0 2.5 50 1.5
min
1 PDA Multi 1/225nm 4nm

Figure4: Representative chromatogram of deltamethrin purefromthetrapping system recovery experiment (0.1 mg/l)

A Tndéan ﬁomml




20

Determination of vapour pressure and henry’s constant of deltamethrin

PCAIJ, 11(1) 2016

Full Paper ==

TABLE 2: Recovery of deltamethrin technical fromtrapping agent (silicagel): method validation

Slope Inter cept

Fortified

' ) . Total Relative
C trat
Sample Obtained Obtained oncentration recovered of Recovery Average standard
Area  fromthe from the of . Recovery L
Code . : . : . Deltamethrin (%) deviation
calibration calibration Deltamethrin (%)
Pure (ug/ml) (%)
curve curve Pure (ng/ml)
Standard 35476  30798.87 63.60 NF NF -
SOR1 BDL 30798.87 63.60 NF NF -- NF NF
SOR2 BDL 30798.87 63.60 NF NF -
S1R1 368 30798.87 63.60 0.01 0.0099 98.84
S1R2 371 30798.87 63.60 0.01 0.0100 99.81
S1R3 369 30798.87 63.60 0.01 0.0099 99.16 99.36 0.44
S1R4 371 30798.87 63.60 0.01 0.0100 99.81
S1R5 369 30798.87 63.60 0.01 0.0099 99.16
S2R1 3115  30798.87 63.60 0.10 0.0991 99.08
S2R2 3120  30798.87 63.60 0.10 0.0992 99.24
S2R3 3111  30798.87 63.60 0.10 0.0989 98.95 99.12 0.12
S2R4 3120  30798.87 63.60 0.10 0.0992 99.24
S2R5 3116  30798.87 63.60 0.10 0.0991 99.11

Key: NF — Not Fortified.; BDL — Below Detection Limit

ug/ml samples, respectively. The results are presented
inTABLE 2. Representative chromatograms presented
inFigure2, 3and Figure4.

Preliminary test

Thepreliminary test was conducted at 30°C with
threedifferent carrier gasflow rates.
Theresultsare summarizedinthefollowingtable:

Based on the aboveresults, anitrogen flow rate of
approximately 40 mL/minwas sel ected for definitive
test. Thecarrier gaswasin saturation equilibriumwith
Detamethrin Pureat thisflow-rate.

Sability confirmation

Theresultspresented in TABLE 3 clearly show that
Deltamethrin Purewas stable during the 7 day storage

Sample Temperature Carrier flow rate Gas* Volumecarrier Amount concentration
Code (°C) Flow rate (mL/min) gas (m°) trapped (mg) (mg/m°)
F2 20 0.2016 0.001 0.00285
F3 30 40 0.4032 0.002 0.00404
F4 60 0.6048 0.002 0.00401

* Aver age flow rate calculated for 7 days

period at 30°C. The average recovery of triplicate
anaysisof 60 g samplesafter 7 days of storage was
99.82% at 30°C and 99.67% at 20°C respectively.

Definitive test

Inthe definitive experiment, threereplicate sand
sampl escoated with Deltamethrin Pureweretested at
two different temperatures (20 and 30°C) for a period
of 7 days, usingacarrier gasflow rate of goproximately
40 mL/min. TABLE 4 presents the temperature and
flow ratedataanalysis of the sorbent trapsmaintained
at 20°C experiment showed vapour pressure for the

average mass of Deltamethrin Pure collected after 7
days as 2.05x 10°g. Analysis of the sorbent traps
maintained at 30°C experiment showed vapour pressure
for themassof Ddtamethrin Purecollected after 7 days
as1.63x 10> Representative chromatogramsfrom the
analysis of the sorbent traps at 30°C and 20°C
experiments are presented in Figure 5 and Figure 6
respectively.

Using themass of the Deltamethrin Pure collected
during the experiment and thetota volumeof gasused,
the vapour pressure of the Deltamethrin Pureat 30°C
and 20°C wascalculated. Theresultsare presentedin
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TABLE 3 : Stability of deltamethrin technical from the coated sand samples preliminary study — 7th day

Slope I nter cept Recovered Purity
Obtained Obtained  *Dosing corrected
Temperature Sample f h Concentra- Recovery
°C) D Area rom the frpm the Level tion Concentra- (%)
calibration calibration  (g/kg) (g/kg) tion g/Kg
curve curve gkg
T2R1 1512061  30798.87 63.60 16.50 16.36 16.51 99.87
30 T2R2 1510633  30798.87 63.60 16.50 16.35 16.49 99.78
T2R3 1511248  30798.87 63.60 16.50 16.36 16.50 99.82

* Average of Three Replicates - 0" Days storage : 100% (16.50 g/kg); 7" Day after Storage : 99.82%; Standard Deviation : 0.047;
Nitrogen Purge at 30°C

TABLE 4: Temperatureand flow ratedata during vapour pressuredeter mination of deltamethrin pur e— definitive test

Temperature (°C) Average Flow Rate (ml/min)*
Days Ovenl Oven 2
Oven 1 Oven 2
TelR1 TelR2 TelR3 Te2R1 Te2R2 Te2R3
0 30 20 40 40 40 40 40 40
1 30 20 40 40 40 40 40 40
2 30 20 40 40 40 40 40 40
3 30 20 40 40 40 40 40 40
4 30 20 40 40 40 40 40 40
5 30 20 40 40 40 40 40 40
6 30 20 40 40 40 40 40 40
7 30 20 40 40 40 40 40 40
Average 30 20 40 40 40 40 40 40
Total (V) m3 0.4032 0.4032 0.4032 0.4032 0.4032 0.4032
* Average flow rate of three measurements
mAU -
_ PDA Multi 1]
2
I |
| !!
_ | |
14 | | ~
1 || ! ." 'Iwr'
| | [ || |
Ii | |
| | | |! | Il
0_‘ __‘_-_| .I |J / e i —————— . S - e
1.
- “ T ye— | T 1  emammmary T | EE—— | T N R ——— s i
0.0 2.5 5.0 1.5
min

1 PDA Multi 1/225nm 4nm
Figure5: Representative chromatogram of deltamethrin purefrom the 30CIc - definitive study
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mA 10.0:

FDDA Muit |

4 182 ) Defamevin

0.0 23 5.0 75
min
1 PDA Mulh 172250 4nim

Figure6: Representative chromatogram of deltamethrin pur e concentrate from the 200c - definitive study

TABLE 5: Determination of vapour pressure of deltamethrin technical at 30 °¢

Sample Area Slope Obtained fromthe  Intercept Obtained from the W (q) \% P (Pa) at 30
ID calibration curve calibration curve 9 (m3) °C
TelR1 5122 30798.87 63.60 1'66é( 10- 0.4032  2.05x10-5
TelR2 5086 30798.87 63.60 1'656)( 10- 0.4032  2.04x10-5
TelR3 5143 30798.87 63.60 1'66é( 10- 0.4032  2.06x10-5
Average 5117 30798.87 63.60 1'66é( 10- 0.4032  2.05x10-5
Standard Deviation 1.17x10-7
TABLE 6: Determination of vapour pressureof deltamethrin technical at 20 °C

Sample Slope Obtained Intercept Obtained
IDp Area from the calibration from the calibration W (9) V(m® P(Pa)at20°C
curve curve
Te2R1 4225 30798.87 63.60 1.36x10-6  0.4032 1.63x10-5
Te2R2 4199 30798.87 63.60 1.35x10-6  0.4032 1.62x10-5
Te2R3 4216 30798.87 63.60 1.36x10-6  0.4032 1.63x10-5
Average 4213 30798.87 63.60 1.36x10-6  0.4032 1.63x10-5
Standard Deviation 5.17 x 10-8

TABLE 7: Sability of deltamethrin purefrom the coated sand sampledefinitivestudy — 7th day

Slope I nter cept

' . . Purity
Temperature Sample Obtained Obtained Dosing Recovere_d corrected Recovery
Area from the from the Level concentration .
(°0) ID . . . . - Concentration (%)
calibration calibration (g/kg) ing/Kg K
Ccurvecurve curve 9"
T,R1 1510115 30798.87 63.6 16.57 16.34 16.49 99.53
20 T,R2 1514064 30798.87 63.6 16.57 16.39 16.53 99.79
T,R3 1512662 30798.87 63.6 16.57 16.37 16.52 99.70

* Average of Three Replicates - 0" Day Storage : 100% (16.57 g/kg); 7" Day after Storage : 99.67%; Sandard Deviation: 0.132;
Nitrogen Purge at 20°C
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TABLE 8: Henry’s constant

Tem Water AbSO|utetemp Gas constant Vapour Henry9s
(oc)p Solubility (in Kelvin = rate “R” Mm/atm pressure(in GMW Constant
“g” °C+273.15) T Torr) “p>» (Pa.mS/mOI)
20 0.01 293.15 82.08 760 1.220x 107 505.2  2.967x 10°
30 0.01 313.15 82.08 760 1537 x 107 505.2 2517 x 10°

Formula=Henry’s constant = C

water

TABLE5and TABLE 6. From the data, the average
vapour pressurevaues of Deltamethrin Pureat 30°C
was2.05x10° Paand 1.63x10° Paat 20°C. Theresults
presented in TABLE 7 clearly show that test item
Detamethrin Pureis stableduring the 7 days storage
period at temperature 20°C. The average recovery of
triplicateanadysisof 1 g of sample after 7 days of storage
was 99.67%.

The Henry’s law constant of the test item,
Deltamethrin Pure, was determined to be 2.967x10°
Pam?®/mol at 20°C and 2.517x10% Pam?®mol at 30°C
theresultsare presented inthe TABLE 8.

CONCLUSION

Thevapour pressure of thetestitem, Deltamethrin
Pure, was determined to be 1.63x10-5 Pa at 20°C
and 2.05x10-5 Paat 30°C.

The Henry’s law constant of the test item,
Deltamethrin Pure, was determined to be 2.967x103
Pam3/mol at 20°C and 2.517x103 Pa.m3/mol at
30°C.
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